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SUMMARY 
Accelerator material for induction-heating determination of carbon content 
in materials containing less than 50 ppm was prepared by utilizing the decarbu- 
rizing effect of moist hydrogen to purify a commercial iron accelerator. 
material has a low and uniform carbon content, which makes it especially 
for determinations of this type. 
The 
INTRODUCTION 
c 
The determination of carbon by induction heating requires a material that 
will couple with the field of the furnace. An accelerator may be required when 
the physical nature of the sample, its limited quantity, or the particle size 
prevents direct coupling. Iron is one of the more common accelerators used for 
carbon determinations. However, the usefulness of iron is limited in some in- 
stances by its relatively high and variable carbon content. When a material 
having a carbon content below 50 ppm is analyzed, the carbon contained in 
1 gram of accelerator may equal, or even greatly exceed, that of the sample. 
Moreover, the variation in carbon content in the accelerator makes precise de- 
terminations of carbon at this level virtually impossible. The obvious solu- 
tion to the problem is to use an accelerator that has as low and as consistent 
a level of carbon as is obtainable. The decarburizing effect of moist hydrogen 
is recognized (ref. 1). The removal of carbon is based on the following reac- 
tions at elevated temperature: 
+ ZH 2 CH4 
2 
In the reactions, (C) represents the carbon dissolved in i rx .  
An electrolytic iron reduced in moist hydrogen is commercially available 
as a reference grade material from the G. Frederick Smith Chemical Company. 
Because of its low carbon content, this material was tested as an accelerator. 
It d i d  not always couple e f f e c t i v e l y .  
l a r g e  and uneven s i z e  of t h e  p a r t i c l e s .  
This w a s  a t t r i b u t e d  t o  t h e  r & a t i v e l y  
This s tudy  demonstrates t h e  ease w i t h  which an i r o n  a c c e l e r a t o r  of low, 
I ts  u s e  i s  
uniform carbon content  may be prepared.  
manner i s  p r e f e r r e d  f o r  determining carbon content  below 50 ppm. 
advocated f o r  a l l  r e f r a c t o r y  metals and r e f r a c t o r y  metal  a l l o y  systems. 
Acce lera tor  material prepared i n  t h i s  
EQUIPMENT 
The following appara tus  and reagents  were used i n  t h i s  experiment: an 
i r o n  chip a c c e l e r a t o r ,  an induc t ion  furnace,  a low-carbon ana lyzer ,  a tube  fur- 
nace, a gas-washing b o t t l e ,  commercial hydrogen, and a 5- by 90-centimeter VycOr 
tube  f i t t e d  wi th  s tandard  t a p e r  g l a s s  adapter  f o r  tub ing  connect ions.  The i r o n  
ch ip  a i c e l e r a t o r  had a p a r t s  number 501-77, t h e  induc t ion  furnace w a s  model 
number 521, and t h e  low carbon ana lyzer  w a s  model number 589-400 (Laboratory 
Equipment Company). The t u b e  furnace  w a s  type  MU-2013 (Hevi Duty).  
PROCEDURE 
A t o t a l  of 400 grams of i r o n  a c c e l e r a t o r  were screened on a 20-mesh s i e v e .  
The f i n e s  were d iscarded .  Approximately 100 grams of t h e  material r e t a i n e d  on 
t h e  s i e v e  before  p u r i f i c a t i o n  were reserved  f o r  t h e  de te rmina t ion  of t h e  carbon 
l e v e l .  The balance of t h e  material w a s  loaded i n t o  t h e  Vycor tube  and d i s t r i b -  
u t e d  evenly i n  t h e  heated p o r t i o n  of t h e  furnace.  A s  a s a f e t y  precaut ion ,  t h e  
tube  w a s  purged with an  i n e r t  gas  be fo re  hydrogen w a s  admit ted.  Hydrogen w a s  
t hen  slowly passed through a gas-washing b o t t l e  conta in ing  water  and then  i n t o  
t h e  Vycor tube .  The furnace  w a s  hea ted  t o  590' C f o r  3 hours and then  cooled 
t o  room temperature whi le  t h e  flow of hydrogen w a s  maintained.  The i n e r t  gas  
w a s  again used t o  d i s p l a c e  t h e  hydrogen before  t h e  t r e a t e d  m a t e r i a l  w a s  removed. 
A second b o t t l e  of i r o n  a c c e l e r a t o r  w a s  t r e a t e d  as descr ibed ,  and a second 
t rea tment  w a s  performed t h e  fol lowing day. 
The carbon l e v e l  of t h e  i r o n ,  before  and a f te r  t r ea tmen t ,  w a s  checked by 
burning 1-gram samples i n  t h e  induc t ion  furnace  f o r  2 minutes.  The combustion 
products  were determined wi th  a chromatographic carbon ana lyze r .  The carbon 
content  of  t h e  i r o n  w a s  c a l c u l a t e d  by us ing  a p rev ious ly  prepared c a l i b r a t i o n  
curve.  The results of t h e s e  tests are shown i n  t a b l e  I. Each va lue  r e p r e s e n t s  
a t o t a l  of 10 r e p l i c a t e  de te rmina t ions  run over a p e r i o d  of 2 days.  
DISCUSSION OF RESULTS 
The removal of carbon from i r o n  by hydrogen t rea tment  i s  considered t o  be 
a sur face  e f f e c t .  Theref'ore, t h i s  procedure should be most e f f e c t i v e  wi th  an 
i r o n  t h a t  has a l a r g e  surface-to-volume r a t i o .  The a c c e l e r a t o r  used he re  con- 
s i s t e d  of f l a t  p l a t e - l i k e  p a r t i c l e s .  Table I shows t h a t  t h e  carbon content  of 
t h e  i r o n  has been reduced t o  l e s s  than  25 pe rcen t  of i t s  o r i g i n a l  va lue .  
s tandard  dev ia t ion  column also demonstrates  t h a t  t h e  t r e a t e d  m a t e r i a l  has a 
The 
2 
TABLE I. - CARBON CONTENT OF 1 GRAM OF IRON ACCELERATOR 
BEFORE AND AFTER TREATWENT AT 590' C 
B o t t l e  Treatment T o t a l  Standard Detec t ion  l i m i t  p e r  g r m  
t i m e ,  carbon, d e v i a t i o n  sample (range of 3 S ) ,  
hr Pg s, a PPm 
pg carbon 
1 0 37.8 4.1 12.3 
3 8.5 1.2 3.6 
2 0 37.5 2.7 8.1 
8.8 1.0 3.0 
I 
6 
more uniform carbon content .  
It i s  t h i s  g r e a t e r  uniformity,  combined wi th  t h e  lower l e v e l  of carbon, 
t h a t  makes t h e  t r e a t e d  i r o n  e s p e c i a l l y  s u i t a b l e  as an a c c e l e r a t o r  f o r  carbon 
de termina t ions  w e l l  below 50 ppm. The l i m i t  of  d e t e c t i o n  w a s  chosen as t h r e e  
t i m e s  t h e  s tandard  dev ia t ion  and represents  t h e  99.7-percent  confidence l e v e l .  
These da t a ,  shown i n  the  l a s t  column of the  t a b l e ,  demonstrate t h e  s u p e r i o r i t y  
of  t h e  t r e a t e d  a c c e l e r a t o r  f o r  use  wi th  material conta in ing  very low carbon. 
The d a t a  f o r  t h e  second b o t t l e  of a c c e l e r a t o r ,  which w a s  t r e a t e d  twice,  
i n d i c a t e  t h a t  t h e  second 3-hour t rea tment  d i d  not  f u r t h e r  reduce t h e  carbon 
l e v e l .  Fu r the r  lowering of t h e  carbon content  may r e q u i r e  a t rea tment  t h a t  
can p e n e t r a t e  w e l l  below t h e  su r face  of  the  i r o n  ch ips .  
During reduct ion ,  t h e  temperature  should n o t  exceed 590' C; o therwise  s i n -  
t e r i n g  of t h e  p a r t i c l e s  w i l l  occur .  
amounts of material, a t  l eas t  300 grams, can be  t r e a t e d  a t  one t ime without  se- 
r i o u s  seg rega t ion  problems. 
The r e s u l t s  show t h a t  s u f f i c i e n t l y  l a r g e  
L e w i s  Research Center,  
Nat iona l  Aeronautics and Space Adminis t ra t ion,  
Cleveland, Ohio, August 24, 1965. 
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